that these sequences share very strong homology. It seems that the cellulase genes have been derived from a commonancestor by spontaneous mutation. The probability of carboxy-terminal processing of the CMCaseprotein is also discussed.
In the past eight years cellulase genes have been cloned from a number of cellulolytic bacteria such as Cellulomonasfimi,1^C. uda,2'3) Clostridium thermocellum,4~6) Ruminococcus albus,1>S) R. flavefaciens,9) Thermomonospora YX,10) T. fusca,ll) and alkalophilic Bacillus Sau3Al and the resulting plasmid was designated pBS13.
Then 1.5-and 1.3-kb Sau3AI fragments were subcloned from pBS13 into pUC19 at the BamHl site and the resulting plasmids were designated pUBSlOl and pUBS201, respectively. pUBS102, which carries the same insert as pUBSlOl, but in the opposite orientation, was also obtained. In all subclonings using Sau3Al the partial digestion technique was introduced.
Assay of CMCase.Preparation of whole cell extracts and the CMCase activity assay were done as described previously. 20) DNAsequencing. Various sub fragments of the 1.5-kb inserts ofpUBSlOl were subcloned into the Ml3 cloning vectors mp8 and mp9. Transformations of E. coli JM103 were done as described by Hanahan.31) The dideoxy chain termination method of Sanger et al., 32) and Sau3Al (Fig. 1) . The shortest fragment of the 3.2-kb insert that showed CMCase activity clearly was 1.5-kb long; it was foundinpUBS101 (Fig. Id) . As showninTable I, the CMCaseactivity of E. coli transformants carrying pUBSlOl was much higher than that of E. coli (pBSl). However, pUBS102, which has the same insert as pUBSlOl, but in the opposite orientation, showed very low activity.
Here, E. coli strains were grown in LB medium without IPTG induction. These facts suggest that the 1.5-kb insert contains a damaged CMCase gene, especially in the promoter region, and high expression of the CMCase gene in pUBSlOl may be due to the aid of the lac promoter. The pUBS201that has a further 5' end-deleted insert (1.3-kb) showed no activity.
The nudeotide sequence of the CMCasegene
The complete nucleotide sequence of 1928- bp extending from an Hinfl site was identified by the dideoxy chain termination method. The sequencing strategy is shown in Fig. 2 . In most instances both strands and overlapping fragments of DNA were sequenced. The sequence was then examined for ORFsin the six possible frames and on one strand an ORFwas found starting at nucleotide 1 with an ATGstart codon and ending at nucleotide 1497 before a TAGstop codon (Fig. 3) . This ORF is preceded polymerase E<r43 and E. coli RNApolymerase Eo70 was also found upstream of the RBS.
These elements are the TAGACA and TACAAT beginning at positions -88 and -65, respectively.
These elements are separated by 17 nucleotides. Expression of the CMCasegene in pUBSlOl
As described above, the 1.5-kb Sau3AI fragment subcloned in pUBSlOl showed high CMCase activity.
As shown in Fig. 3 ( )^n w+>\ ), the fragment, however, contains only the nucleotide sequence from positions -8 to 1,465, but not sequences containing promoter regions, RBSor termination codons. This means that the high CMCaseactivity of E. coli transformants carrying pUBSlOl is the result of gene expression through the lac promoter, which was 122 bp upstream of the 1.5-kb fragment in the same orientation as the CMCasegene (Fig. 4) . However, as shown in 
Similarity to other cellulases
The nucleotide sequence of our CMCase gene was compared to those of other endo-/?-1 ,4-glucanase or cellulase genes of three different B. subtilis strains, i.e., PAP115,15) DLG17) and IFO3034. 19) As shown in each other, and they all encode proteins of 499 amino acid residues. The termination codon TAG and, downstream from the 3'-end, an inverted repeat of 8-bp, which seems to be a rho-independent transcription termination structure, are also shown commonly. These facts suggest that the cellulase genes have been derived from a commonancestor by spontaneous mutation. that is after Ala 29, the mature exocellular enzyme will consist of 470 amino acid residues with a molecular weight of 52,000. However, the estimated molecular weights of active CMCases purified from osmotic shock fluid of E. coli transformants (data not shown) and from the culture broth of Bacillus megaterium transformants33) were about 33,000. Partially purified CMCasefrom B. subtilis donor strain also had a band ofMr=33,000 when analyzed on SDS-PAGE(data not shown). These facts suggest that in the three species considerable processing or degradation of the primary translation product occurs, beyond signal peptide cleavage.
C-terminal processing
We constructed two deletion subclones, PUBS 1 0 1 (///>ifIa) and PUBS 10 1 (///>ifIb), which have 3'-truncated CMCase genes, using the restriction enzyme Hinfl as the following (Fig.  3 aef) . The pUBSlOl was digested with Smal, partially digested with Hinfl, and then fllled-in of the 3'-recessed ends using Klenow fragment.
After a self-ligation reaction the plasmid mixture was transferred into E. coll, and Apr transformants were tested for CMCase activity. Analysis of plasmids isolated from several transformants that were CMCase-positive or not showed that the pUBS101(#/rcfIb) in which the nucleotide was deleted to position 1005 still encoded an active CMCase, but the pUBS101(#z>2fIa) in which the nucleotide sequence was deleted to position 897 did not.
This observation supports the fact that an additional C-terminal processing is possible.
